Ethylene gas is the simplest plant hormone and causes a variety of physiological effects in plants. This hormone is known as the hormone of aging, due to the hormonal effect on fruit maturation, leaf loss and separation of the fruit from the branches, changing color as fruit maturation because of chlorophyll loss, fruit firmness. Increased ethylene in fruit storage media creates the right conditions for growth of microorganisms such as fungi and bacteria. The purpose of this study was to evaluate the removal of ethylene by bio-filters to extend the shelf-life of fruits was studied at laboratory scale. Samples were evaluated organoleptic (sensory) and after preparing the best filter, filter efficient were used scale of operation (used in fruit cartons). Removal of ethylene gas by Gas chromatograph system showed that the amount of gas passing through the column 4 substrates including active sludge, peat wood chips, humus with organic soil was 0.6528 ml (ethylene) / L (air) in comparison to the other columns, and control sample. Results showed that the bio-filters with isolated bacteria in this study can be used to the removal of ethylene gas and increase shelf life of fruit postharvest storage conditions.
In the early nineteenth century, fruit growers attempted to make the color and taste of citrus fruits better by keeping them in rooms that were heated by coal heaters. For a long time, it was thought that the heat is the reason for the ripening of the fruit. Then several researches were done which showed that actually the kerosene products are the cause of the ripening of the fruits. Among these products, the ethylene gas was detected to be a very active gas. This gas is produced in the plant before the ripening of the fruits and is responsible for the changes of color, weave and chemical composition at the time of ripening. Auxin in a certain concentration can cause the production of a large amount of ethylene gas in the plant (Yu and Yang 1979) .When the aging of the leaf begins, ethylene is the main regulator of leaf drop, this gas Stimulates cellulase enzyme production. The enzyme destroys cell wall and causes the destruction of the leaf. Every year an important part of bananas universal production, which is over than 20 million tons, is supplied to the market with this method. This fruit can be harvested in various stages of its physiological age, from half mature to fully mature and then it can be ripened with the help of ethylene gas and be prepared for consumption. The act of being ripened is done in ripening rooms with a relative air conditioning in the presence of ethylene gas (Scott, et al, 1974) .Ethylene (C2H4) as a plant hormone is unique among atmosphere-polluting hydrocarbons. The production sources of ethylene are living sources like plants and microorganisms and synthetic such as fossil fuels, automobile exhaust, petrochemical complexes (Elgar, 2000) . Ethylene in the atmosphere easily reacts with OH radicals and nitrogen oxides and turns to the form of ozone at the ground level which causes the greenhouse effect and is harmful for human health (Nelson, 1991) . Ethylene is stored in the greenhouses and plant containers and has an important role in many plant development processes, including seed germination, vegetative growth, leaf abscission, flowering, senescence and fruit ripening. Ethylene also plays a role in response to water stress, chilling and mechanical injury (Barry and Giovannoni, 2007) . Various fruits show different sensitivity to the ethylene gas. Some of the fruits such as apple, pears, bananas, apricots, cantaloupe, peaches, persimmons, kiwi and citrus are very sensitive to the ethylene gas and they quickly show some effects such as relaxation, skin wrinkling, discoloration. The effects greatly reduce duration of storage time of fruits (Saltveit, ME.1999) . Air purification by biological filters has been suggested as a method of C2H4 removal from horticultural storage facilities, where plant-produced C2H4 may accumulate to levels that cause a premature ripening or aging of the plant material (Elsgaard, 2000) . Hence ethylene removal by bio-filters has economically more advantageous with physical and chemical methods (Babbitt, et al, 2009) . In this research, it has been tried to study the possibility of removing ethylene gas by bio-filter in a laboratory scale, and after designing the best filter, using efficient filters in the scale of operation.
MATERIALS AND METHODS
Designing the columns and Bio-filter construction 4 columns with the length of 27 cm and inside diameter of 7 cm were provided. For each column, an inlet valve for removing ethylene and an outlet valve with a diameter of 1 cm have been considered. The outlet valve has been installed in 4 cm height of the bottom of the column. He material of columns door is PVC and its outlet diameter and the inlet diameter was 10 cm, 6.5 cm respectively. The bottom of each column has been placed to a 4 cm height of the coarse sand. Coarse sands make the conditions possible for the liquids and ethylene gas to exit through the inlet valve to the outlet place. The surface of sand layer was covered with a thin layer of fiberglass. The next layer about the columns 1, 2, 3 and for has been especially prepared as follows.
Column1: coarse sand, natural fiberglass, wooden mesh, poplar wood chips, wooden mesh, activated sludge, wooden mesh, wormy compost, wooden mesh, super organic media, wooden mesh, straw, wooden mesh, peat soil, wooden mesh, sand, artificial fiberglass.Column2: coarse sand, natural fiberglass, wooden mesh, poplar wood chips, wooden mesh, organic growing media, wooden mesh, straw, wooden mesh, activated sludge, wooden mesh, sand, artificial fiberglass. Column 3: coarse sand, natural fiberglass, wooden mesh, poplar wood pellets, wooden mesh, peat, wooden mesh, oak wood, wooden mesh, organic growing media, wooden mesh, , straw, wooden mesh, activated sludge, wooden mesh, sand, artificial fiberglass. Column 4: natural fiberglass, wooden mesh, poplar wood pellets, wooden mesh, peat soil, wooden mesh, organic growing media, wooden mesh, peat, wooden mesh, straw, wooden mesh, wormy compost, wooden mesh, sand, artificial fiberglass (Fig 1) .
Ethylene Treatment
The next stage was ethylene treatment with the prepared substrates that were mentioned in the column 4. The 99% pure ethylene gas cylinder was used. Humidity of each column was set daily by about 60 -65%, and after 48 hours, the ethylene gas was injected into columns all at once.
Fig 1: 4 columns and bio-filter construction

Gas chromatography
Rate of ethylene gas and outlet were evaluated about each column. The gas that was collected from the outlet of each column was collected and the Gas chromatography system (Agilent 5890N, USA) was used, with the GSW column with the length of 10 meters and inside diameter of 0.53 mm containing nitrogen gas.100 microliter of each sample was injected to the device by Hamilton syringe (Gas tight) at the temperature of 200˚C for the injector temperature and 40ºC for the oven temperature with the application of FID detector at the temperature of 250˚C.
Using the designed bio-filters for fruit storage Columns that had the most capability of the rate of removing ethylene gas were chosen. In order to review the rate of removing ethylene gas and prevent destruction and early maturity of banana, some plastic containers were chosen. One item was also considered as the control sample. Some of the bio-filter substrates were placed in cotton bags and in the upper part of the container. The samples were kept in an incubator at the temperature of 30˚C for 7 days and after the end of the incubation period, they were reviewed in terms of rate of maturity (Fig 2) . 
RESULTS
The results of the analysis of gases that were passed through which has been collected from columns 1 to 4, the GC device showed that the most rate of absorption of the ethylene gas is associated with column number 4. Therefore, the substrate used in column 4 was used in order to prepare bio-filter for removing the ethylene gas in storing banana. After 7 days of the control and test samples of banana's being in the greenhouse, it was specified that bananas of the control group have become yellow and started to rot, but the bananas which were treated to the substrate of bio-filter 4 have remain safe (Fig 3) . Removal of ethylene gas by Gas chromatograph system showed that the amount of gas passing through the Column 4 substrates including active sludge, peat wood chips, humus with organic soil was 0.6528 ml (ethylene) / L (air) in comparison to the other columns, and control sample. Then the isolation and identification of bacteria in the substrate of biofilter 4 showed that the effective bacteris in removal ethylene gas was isolate HM1. This isolate was introduced as Pseudomonas putida after Gram staining, biochemical and diagnostic tests (Fig 4) . 
DISCUSSION
As the obtained results, the present research was able to design and suggest a proper substrate containing an identified microorganism with the ability to absorb the ethylene gas in order to keep the fruits safe. We can prevent the ethylene gas, which causes too much ripening of the fruit and its destruction, from harming the fruits with the absorption of the ethylene gas by the substrates of these fruits during the time of storage till the time of being sent to the consumption market. There are various methods for keeping the fruits safe in these conditions, but the advantages of the method which is recommended by this research compared to other researches is that:
-Using the substances that exist in the nature without adding any kind of chemical composition. In fact, this filter will operate naturally and green and it won't have the dangers of addition of chemical additives to the product.
-Substrate that is being used and its compositions are completely natural and easily return to the nature after their consumption and they won't cause any kind of biological pollution or waste that would pollute the environment. This is despite the fact that most of the storage methods that are now being used for food are often coupled with severe environmental pollution after the consumption of food that is stored by them (such as cans, cartons, boxes for storing fruit).
-Any type of expand of energy will not happen in the production of these substrates and at the time of their consumption. And thus they have an undeniable advantage over methods such as freezing, heating and so on.
-It is really important that this product is indigenous. In the condition that the country is on the path of self-sufficiency in the production agricultural products, some arrangement for the maintenance and storage of these products shall be considered that has a technology which is indigenous and without any dependency. This research can fulfill this need to some extent. Considering the fact that it is possible to register and commercialize this idea, and it is possible for us to reach the production stage, therefore we couldn't mention the name of the separated microorganism from the given substrate. This research introduces the usage of such substrates with the proper ability and a certain microorganism for the first time in Iran. If we take the corruption of a high amount of the produced fruits of the country into consideration, it would be obvious that this research is crucially important and it would have a proper economical advantage if it was to be applied. In other countries similar studies have been done, for example in 1991 type of bio-filter was designed by adding the microorganisms to the environment of the storage of hydrocarbons, it will remove ethylene and in the mentioned research a fixed film was used (Ottengraf et al, 1991) . Some of these researches proved that by paying attention to the interaction of bio-filtration and the pollutant, a dynamic bio-filter can be stimulated (Dukovski, et al, 2006) . In 1997, some of the researchers succeeded in the removal of ethylene. They did this by using Perlite -Based (De Heydar, et al, 1997) . In 1998, the recommendation of removing the ethylene by using GAC (Granular Activated Carbon) and with the efficiency of 40 percent was taken into consideration (Tambwekar et al., 1998) . In 1998, various types of biofilters for destroying the ethylene gas (Peat soil, activated carbon) were studied and by using EBRT (Empty Bed Residence time) through oxidizing microorganisms (C2H4) reduced from 117ppm entrance to less than 0.04ppm in nine minutes (Elsagard, 1998) . In 2006, the researchers succeeded to remove ethylene. In this experiment they used Activated Carbon Media (Kim and et al, 2006) . And in 2010, the recommendation for using Perlite Media, NH3 Loading in order to remove ethylene was taken into consideration (Lee and et al, 2010) .
The advantage of the present research over all of the mentioned researches is that in the present research a natural and completely available substrate has been used. Just like it was stated before, this substrate will easily be accessible for the producers of the fruit and it will totally be indigenous. Considering the fact that effectiveness of other gases and factors on the procedure of too much ripening and corruption of fruit is possible, in addition to evaluation of the rate of ability of the substrate that is being studied in the absorption of the ethylene gas, in this research this substrate is also being tested in natural conditions and normal packaging of fruit and it showed that it is relatively capable of keeping the fruits safe from the corruption in this packaging condition. And also considering the fact that it had the most absorption of the ethylene gas in the designed columns, it also could create a better condition in the storage of the fruits in the packaging condition. Hence, the effect of the ethylene gas in the corruption of fruit is obvious in the results of this research.
